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BTNGGONC  XUE8A0,  v.3,  pp .  73-75,  1987 


A  DATA  ACQUISITION  AND  PkOCdSS  LNG  SYSTEM  AJk  bCK  COmPUdENT  oOUb 
TOC  K  ST  lOTOK  TESTLinRj 

01  Zhaomin ,  Liu  Jing,  Li  Baojiang,  Xu  Zhuping 

Summary:  This  article  intro  luces  tha  COP- 1 1/0 .3  mior  >co  uyut-c  f:  or  th 

collection  and  processing  of  data  from  six  component  tests  of  solid 
rocket  motors.  It  discusses  the  components  of  this  system,  its 
capabilities  and  special  character  is  tics .  Finally,  it  gives  m  ••  as  urea 
values  for  the  static  precision  of  the  system  in  test  measurements . 


FOkWAKD 


Test  platforms  for  the  six  component  testing  of  solid  rocket 
motors  are  principally  used  in  measuring  the  thrust  eccentricity 
produced  in  the  operating  processes  of  solid  fuel  rocket  motors. 
During  the  period  of  motor  operation,  the  size  of  the  tnrust 
eccentricity  values  and  their  direction  change  randomly.  Gene-'illy, 
through  the  tests,  measurements  are  carried  out.  However,  the  hurun 
processing  of  test  data  is  both  wasteful  of  labor  and  time  and  d  so 
prone  to  produce  errors.  In  order  to  oak  a  tha  collection  tad 
processing  of  data  from  tests  on  the  thrust  eccentricity  of  solid 
rocket  motors  automated,  we  took  the  PDP-11/03  microcomputer;  ana 
applied  it  to  the  measure oent  system  for  solid  rocket  motor  six 
component  tests,  obtaining  excellent  results. 

1,  system  components 


The  solid  rocket  motor  six  component  tost  measurement  system  is 
principally  compos  id  of  the  comp  menus  Imlow:  the  test  bed  or 
platform,  sensors,  strain  gauges,  amplifiers,  A/D  converters, 
computers,  and  othe"  similar  components.  The  schematic  tor  the 
test  "V-*  ;SU  "  Scut  sy.sLaiii  i.-3  as  shown  in  F  1  J  .  l.l. 


Ti  g.  1  •  l  Schematic  diagram  of  the  test  system  (1)  Synchronous 
control  dev/ices  (2)  Solid  rocket  motor  si*  component  test  platform 
(3)  Six  tensile  and  pressure  sensors  (4)  Dynamic  strain  instrument 
(5)  Data  amplifier  (6)  A/D  convertor  (7)  Optical  oscilloscope  (a) 

7  1P-11/G3  Micor computer  (9)  Terminal  display  (10)  Prince-:  (it.) 

Soft  magnetic  disk  (12)  Graphics  printer 

2.  SYSTEM  FUNCTIONS  AND  CHARACTERISTICS  74 

This  system's  functions  are  principally  to  carry  out  tie 
collection  and  processing  of  experimental  uata.  All  together ,  it  has 
5  programs'.  the  six  component  force  expert. uent  starvuaruixation  a.,ta 
collection  program,  the  six  component  force  experiment  at  muaoi  i  xat  ion 
data  processing  program,  the  six  component  force  expnr  i-aent  a  at  -» 
collection  program,  the  six  component  force  experiment  uata  grooms  ing 
program,  and  the  six  component  force  experiment  system  checK  program. 

The  main  characteristics  of  these  are  as  follows. 


I  — — —  - 

*  2.1  Data  Collection 

Standardisation  data  and  experimental  d ■* ta  collection  b  >kn  make 
use  of  advanced  mixing  and  program  composition  techniques.  As  >:  •.-*  ..s 
PASCAL  language  and  PDP-11  MACRO  language  .nixing  nil  p<* o j>'am 
composition  is  concerned,  it  makes  the  advantage  of  tna 
inexpensiveness  of  compiler  language  and  the  stroa^  point  ot  ce 
representational  power  of  the  PASCAL  language  come  together  in  -,n 
organic  way.  This  type  of  method  for  the  compiling  of  programs  is,  at 
the  present  time,  the  programing  applied  with  the  greatest  efficiency 
to  the  compiling  of  programs  In  the  sof twaca  of  da ta  collection. 


2.2  Data  Processing 

In  the  processsing  of  s  tend trdi sat  ion  d :ta  and  experimental  a«ta, 
the  high  level  FORTRAN  language  was  selected  for  use  in  the 
composition  of  programs  in  both  c-tt.es.  In  ora sc  to  make  the  programs 
easy  to  read  and  easy  to  change,  we  took  the  stand  a  ret  comma  nus  a  no 
wrote  commands  to  gather  and  arrange.  When  moving,  we  first  eoun<=cte'i 
the  print  port  for  the  entry  of  the  original  print  data.  after  tnac. 
we  printed  the  computational  results  in  layer  order.  Finally,  we 
printed  out  characteristic  curves  for  the  changes  over  time  of  the 
thrust  eccentricity  distance. 


2.3  System  Checks 

In  the  case  of  the  six  component  force  expec i mental  systen  check 
programs ,  we  also  opted  to  use  th  ?  PASCAL  l.-.nguays  and  PD--I1  MACRO 
languages  for  mixing  xni  p-ogram  compilation.  Thes :  programs  wore 
used  in  the  checking  of  static  systen  stability,  xaro  point  deviation 
values,  diagnostic  operations  of  A/D  converters,  as  well  as 
supervisory  checks  of  the  system.  They  we-e  not  only  able  k  ■>  maintitn 
the  reliability  of  the  system.  They  were  also  able  to  •-  -ti-se  tha 
or ac is  ion  of  the  experimental  measurements . 
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3,  MAIN  ISSUES  SETTLED  THROUGH  Tub  STUDIES  U  N  fu  LS  :>  t.>  IE.  1 

The  main  issues  which  wees  settled  through  out  stud  Las  >1  th  i  3 
system  were:  programming  techniques,  reliable  \,/D  initiation, 
synchronous  control,  an  1  other  similar  issues. 

3.1  ReliabLe  Initiation  of  A/D 

In  o 3 er  to  reliably  initiate  A/D  converters,  it  is  necessary  to 
resolve  two  problems;  checking  to  see  it  A/D  converters  are  in  nor  n-il 
operation  or  not  before  the  experiments,  and,  during  th  a  'casts,  a  akin j 
the  A/D  converters  initate  or  activate  in  a  precisely  specified  way. 

In  the  case  of  the  first  problem,  it  was  resolved  through  th  ?  systems 
check  program.  In  the  case  of  the  second  problem,  w«  op  tea  to  use  th-; 
"short  circuit-constant  voltage"  method  in  order  to  solve  it.  It  is 
only  necessary  for  the  synchronous  initiate-  device  to  not  activate  >  ' 
the  ignition  voltage  to  not  match  specif  ication  values.  Th  a  \/') 
converter  devices  are  alL  unable  to  activate.  This  also  avoids 
accidental,  activation  caused  by  interference  signals  from  the  outside . 

3.2  Synch-onous  Control 

The  OT1761  model  A/D  converter's  0  path  acts  as  the  dedicated 
activation  path.  Before  motor  ignition,  one  needs  to  guarantee  th-. t 
the  0  path  is  in  the  "0"  state.  when  the  ignition  signal  is  given,  it 
is  necessary  to  guarantee  that  the  0  pa tn  is  in  tne  "1"  s  t  a  t  e  (that 
is,  the  collection  state).  This  system  selects  for  use  the 
synchronous  circuit  breaker  method.  It  is  able  to  reliably  guarantee 
that  the  no  tor  ignites  and  the  A/D  converters  activate  at  the  s~me 
tine.  Besides  this,  in  the  design  of  software,  the  synchronous 
control  commands  are  also  able  to  guarantee  the  s/ncivonou  e  activation 
of  the  A/D  converters. 

4.  THE,  PRECISION  OEn  TEST  MEASUREMENT  SYSTEMS 


wh ;  1 1  carrying  out  measurements  ot  static  precision,  one  taKeS 
sensors,  strain  inst- 1 nents ,  amplifiers,  computers,  and  otn«c  similar 
devices  and  Includes  them  all  together  as  one  set  in  order  to 
comprehensively  deal  with  the  errors  produced  in  the  va-ious 
individual  links.  As  far  as  the  static  precisian  ?f  •«  •<  lal  th"  1st  -  ud 
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iat-3c.il  thrust  is  concerned ,  they  ace  measure-]  sopnr.-t  toly .  ,n  cycle 

of  mo-sur  3. neats  is  standardized  as  a  whole  5  times .  ha  on  ic.r-atu.i  ot 
standardization  chooses  five  levels  of  load  increase  and  oecreasc.  i n 
the  case  of  each  single  iteration  of  load  increase  and  load  u  oc^e  is  a , 
the  computer  and  oscilloscope  measurement  systems  simu L t  i  h jusly  c.i'-y 
out  collection  and  recording.  They  separately  calculate  out 
non-linear  errors,  errors  following  overload,  and  repetitive  errors. 
The  results  of  measurements  of  static  precision  clearly  show  teat  the 
error  for  this  system  in  the  collection  anc  processing  of  oat a  tcom 
tests  of  six  component  forces  is  within  0-6%.  However,  the  e»'^or  for 
data  processing  by  hand  is  approxima tely  1%.  The  precision  of:  the 
computer  system  for  collection  and  processing  is  higher  than  the 
precision  of  data  processing  by  hand.  The  causes  of  chis  arid  measures 
taken  are  listed  below. 

(1)  A/D  converters  take  recursive  check  formulas  ana,  throughout 
the  process,  carry  out  collection  in  sequence  on  the  six  component 
forces.  The  time  interval  between  each  of  the  sampling  pomes 
selected  was  1  ms  (the  sampling  period  was  T  =  0.001  s).  T.ic  pome 
count  for  each  path  in  collection  and  processing,  as  compared  to  the 
point  number  selected  for  data  to  be  processed  by  hand  (generally 
selected  as  20-30  points),  is  30  fold  greater  or  more.  This  raised 
the  precision  of  all  the  average  thrust  eccentricity  values  measured. 

(2)  The  checks  program  for  the  system  to  test  the  six  component 
forces  is  capable  of  carrying  out  diagnosis  on  the  test  measur  jmeni: 
systems  and  the  A/D  converters.  If  it  discovers  a  problem,  it  is  easy 
to  investigate  and  analyze. 

(3)  The  computer  collection  and  processing  system  eliminated  the 
manual  measurement  errors  caused  by  data  processed  by  hand  and  various 
types  of  human  errors. 

As  far  as  the  using  of  a  system  composed  of  the  t-bt'-ii/OS 
computer  to  gather  and  process  data  from  tests  on  the  six  component 
forces  in  solid  fuel  socket  motors  is  concerneu,  the  precision  was 
high.  The  speed  was  fast.  Each  run  from  testing  through  collection 
to  processing  only  required  5  min.  As  compm-ed  Lo  the  spoon  i  i: 
processing  data  by  hand,  this  was  higher  by  LOO  Eolu  or  more.  ■•■*.; 
acheived  the  automation  of  the  collection  and  processing  ot  data  on 
measurements  of  the  thrust  eccentricity  of  solid  fuel  rocket  motors. 
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